When amino adds or ammonia are added to plant systems, the effects on the development of nitrate-dependent nitrate reductase activity are variable. In addition, amino acids added singly or as casein hydrolysate may not support a normal growth. A physiologicafly correct mixture of amino acids, one similar in composition to amino acids released by the endosperm, has been shown to support normal growth and protein synthesis in corn (Zea mays) embryos. In this investigation, we have used the mixture of corn amino acids to determine whether amino acids have an effect on the appearance or disappearance of nitrate reductase activity. The results show that these amino adds partially inhibit the induction of nitrate reductase in corn roots. The effect is more pronounced in mature root than in root tip sections. When glutamine and asparagine are induded along with the "corn amino acid mixture," the inhibition is more severe. Amino acids or amino acid analogues added singly to the induction medium have a similar effect: i.e. when the induction of nitrate reductase is inhibited in the root tips (lysine, canavanine, azaserine, azetidine-2-carboxylic acid, DL-4-azaleucine, asparagine, and glutamine), that inhibition is more severe in mature root sections. Arginine enhanced the recovery of nitrate reductase in root tips but inhibited it in mature root sections. The effect of the amino acids is apparently on some phase of the induction processes (ie. the uptake or distribution of nitrate or a direct effect on the synthesis of the enzyme) and not on the turnover of the enzyme.
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Assimilation of nitrate by young cereal seedlings appears to be a closely regulated process. Additions of nitrate at a time when reduced nitrogenous compounds are still being supplied by the endosperm have no effect on the increase in embryo protein (8, 30) or on the loss of endosperm reserves (30) . Additions of nitrate lead to a limited appearance of nitrate reductase activity in the primary leaf at early stages of seedling growth. As the endosperm reserves are used, however, the potential for extracting nitrate reductase activity increases (30) . With additions of nitrate at these early stages, there is also an induction of nitrate reductase in root tip and mature root sections (25, 33, 34) . In experiments where '5N-N03 was fed to young seedlings, nitrate is reduced to amino acids and there is some incorporation of '5N into protein amino acids (5, and Stulen, personal communication). In addition, Blohm (5) has shown that the potential for this reduction increases as the supply of reduced nitrogen from the endosperm is exhausted. Together these results suggest that the supply of material from the endosperm is, in some way, preventing the maximum induction of nitrate reductase during early stages of seedling growth.
Amino acids supplied by the endosperm have been shown to inhibit the biosynthesis of certain amino acids within the embryo (19, 22, 24) and could also place a constraint on the assimilation of nitrate. There is ample evidence from fungi (10, 16, 26, 32) and algae (1, 17, 27 ) that ammonia or amino acids prevent the induction of nitrate reductase and in certain cases increase the instability of the enzyme (7, 16, 17) . In two cases with higher plants, tobacco cells grown in suspension culture (9, 12, 13) and duckweed (31) amino acids have also been shown to prevent the induction of nitrate reductase. However, in many cases where an inhibition is indicated, the effect is as likely to be on the uptake and translocation of nitrate as it is to be a direct effect on the enzyme itself (2, 10, 12, 13, 20, 27) .
In a few cases, the additions of single amino acids, ammonia, or urea support growth and prevent the induction of nitrate reductase (9, 12, 13, 23, 31) . In many cases, amino acids inhibit growth and perhaps indirectly the induction of nitrate reductase (11, 13, 15) . In corn seedlings, a mixture of amino acids similar in composition to that released by the endosperm permits normal growth and protein synthesis of excised embryos (24) and delays the loss of protein from the endosperm of intact seedlings (21) . Casein hydrolysate does not support normal increases in protein in the excised embryo (24) and additions of single amino acids usually inhibit growth (unpublished observations). Hence in many experiments in this investigation, we have used the mixture of "corn amino acids" to define the amino acid effect.
We feel that the root tissue is better than shoot or leaf tissues for such studies (14, 29) because of the direct access of both nitrate and amino acids to the region under investigation. The kinetics of the induction process have been described in detail previously (3, 25) but are presented again to illustrate the experimental design (Fig. 1 ). Induction and turnover experiments were performed with intact seedlings. Two types of experiments were performed.
MATERIALS AND METHODS
Type I. Nitrate, amino acids, amino acid analogues or ammonium sulfate were added at the same time (arrow 1, Fig. 1 ). In this case, the experiment was terminated before the induction had plateaued about 3 hr (arrow 2, Fig. 1 In a recent publication, Radin (28) reported that (NH4)2SO4 caused a clear inhibition of nitrate reductase activity in cotton roots when the induction was performed at pH 7.5 rather than pH 5.4. To check this point, we repeated the induction experiment at pH 7.5. The results in Table III show that (NH4)2SO4 also causes an inhibition in corn roots when the induction is run at pH 7.5. The effect is seen in both root tip and mature sections. However the accumulation of NO3-is also much less at the higher pH. This suggests that ammonium ions could interfere with the uptake of NO3-and hence influence the level of the enzyme indirectly. With corn amino acids there is also a more 1 The enzyme was induced in 5 mM KNO3 in 1/10 strength Hoagland's solution for 3 hr. The roots were then transferred to the treatment solutions containing 100 pM tungstate and either ammonium sulphate (10 mM) or corn amino acid mixture but lacking nitrate. The enzyme activity assays were made after 4 hr. The values are the average of 2 replicates. 393 pronounced inhibition of nitrate reductase activity and accumulation of NO3-at the higher pH.
Effect of Single Amino Acid Additions on Nitrate Reductase
Activity. The results in Table IV (12, 13) . More recently, Goldsmith et al. (10) and Pistorius et al. (27) have shown that the rapid loss of nitrate reductase upon addition of ammonium to the medium is related to the inhibition of the uptake of nitrate by Penicillium or Chlorella cells, respectively.
A similar situation appears to pertain to amino acid additions (10) . We suspect that amino acid or ammonium additions could also interfere with the distribution of nitrate within the cell and hence could interfere with the induction process (3, 4) . No attempt has been made in the present set of experiments to dissociate these various aspects of the nitrate reductase system. The important point is that there is some inhibition of recoverable enzyme activity but that the extent of the inhibition is not sufficient to account for the restricted assimilation of nitrate seen in the young seedling (8, 30) .
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